UK Patent Application ,«,GB ,,,,2403972 „3,A 



(43) Date of A Publication 19.01^05 



121) 


Appiicaiion INC. v*£9t99m^ 




INT CL7- 










(22) 


Date of Filing: 14.02^002 










(52) 


UK CL (Edition X ): 




Date Lodged: 21.10.2004 




F1F PI A ^ 


(30) 


Priority Data: 


156) 


Documents Cited: 




(31) 60270007 (32) 20.02.2001 (33) US 




None 


(62) 


Divided from Application No 


158) 


Field of Search: 




0320747.9 under Sectlon 15(4) of the Patents Act 1977 




UK CL (Edition W ) E1F 








INTCL^ E21B 








Other: ONUNE : EPODOC, PAJ, WPt 


(71) 


Applicant(s): 








Enventure Global Technology 








llncofporatad In USA - Delaware) 








16200 A Park Row. Houston, Texas 77084. 








United States of America 






(72) 


Inventor(s): 








. Robert Lance Cook ' 








Lev Ring 






(74) 


Ag e nt a n'd/or Ad d re ss f o r Service: 








Haseltlne Lake & Co 








Reddlff Quay. 120 Redcllff Street, 








BRISTOL. BS1 6HU, United Kingdom 







(54) Abstract Title: Mono - diameter wellbore casing 



(57) A shoe, for use with a tube 21 0 to be expanded to form an extension to a wellbore casing 1 15. comprises 
an upper annular portion 215a. an intermediate annular portion 215b coupled thereto, and a lower 
annular portion 215c coupled to the intermediate portion, the intermediate portion 215b having a larger 
outer circumference than that of the upper and lower portions 215a. 215c. 





2/29 




FIQ.2b 



3/29 




FIG. 2d 



4/29 



21$e 




220 

FI6.2e 



5/29 




6C9 . 



215 




FIG. 3b 



7/29 




B/29 




9/29 




10/29 




FIG. 6 



220 




11/29 




12/29 




13/20 




FIG. 10 



15^ 




16/29 




17/29 



305 




FIG. 12b 
18^9 




19/29 




20/29 




21/29 




22/29 




23/29 




24/29 




25/29 




26/29 . 




27/29 




29/29 



2403972 

1 

MONOOIAMETERWEaBORE CASING 
Cross Refsrenoe To Related AppBcations 
This application Is a continuation-in-part of U.S. utility application serial nmbw 
09/454.139. attorney docket numt)er 25791.3.02. filed on 12/3/1999. which claimed the 

5 benefll of the filing dale of U.S. provisional patent application serial numtwr 

60/111,293. attorney docket numl)er 25791.3. filed on 12^/1998. the disdosuies of 
which are incorpora te d herein by reference. 

This applteatkm is related to ttie fbitowing: (1) U.S. patent appllcatton serial no. 
09/454.139. atloniey docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

10 application serial no. 09/510.913, attorney docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02. flied on 1 1/15/1999. (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791 . 1 1 -02. filed on 3/1 0/2000. (6) U.S. patent application serial 

15 no. 09^12.895, attorney docket no. 25791.12.02, flied on 2/24/2000. (7) U.S. patent 
applkatton serial no. 09/511.041. attorney docket no. 25791.16.02, filed on 2/24/2000. 
(8) U.S. patent applicatk>n serial no. 09/588.946. attorney docket no. 25791 .17.02. filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559.122. attorney docket no. 
25791.23.02, filed on 4/26/2000. (10) PCT patent applicatton serial no. 

20 PCTAiSOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 

provisional patent application serial no. 60/162,671. attorney docket no. 25791 .27. filed 
on 11/1/1999. (12) U.S. provisfonal patent applicatton serial no. 60/154.047. attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent applicatton serial 
no. 60/159.082. attorney docket no. 25701 .34. filed on 10/12/1999. (14) U.S. 

25 prevlsional patent appllcaUon serial no. 60/1 59.039, attorney docket no. 25791 .36, filed 
on 10/12^1999. (15) U.S. provistonal patent application serial no. 60/159.033. attorney 
docket no. 25791 .37. filed on 10/1 2/1 999. (16) U.S. provistonal patent applicatton serial 
no. 60/212.359. attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provistonal 
patent applicatton serial no. 60/165.228, attorney docket no. 25791 .39, filed on 

30 1 1/12/1999, (18) U.S. provisional patent application serial no. 60/221 .443. attorney 
docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial 
no. 60/221,645. attorney docket no. 25791.46. flted on 7/28/2000, (20) U.S. provisionel 
patent application serial no. 60/233,638. attorney docket no. 25791 .47, filed on 
B/18/2000, (21) U.S. provistonal patent application serial no. 60/237.334. attorney 

35 docket no. 25791 .48. filed on 10/2/2000. and (22) U.S. provistonal patent applicatton 
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serial no. 6(V262,434. attorney docket no. 25791.51, filed on 1/17/2001. the disclosures 
of which are inoorporated herein by reference. 

Background of the Invention 
This inventton relates generaliy to weittxro casings, and in particular to weilt>ore 
5 casings that are formed using expandable tubing. 

Conventionally, when a weilbbre is created, a number of casings are instaihKi in 
the borehole to prevent ooHapse of the bcrohoie wall and to prevent undesired outflow 
of drilling ffukj into the fonnatton or Inftow of fluki from the formatton into the borehole. 
The borehole Is drilled in intervals whereby a c^ing which Is to be installed in a lower 

1 0 borehole interval is towered through a prevtously Installed casing of an upper borehole 
Interval. As a consequence of this procedure the casing of the lower interval is of 
snfialler diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrengement with casing diameters decreasing In downward dlrectton. Cement 
annuli are provkJed between the outer surfaces of the casings and the borehole wall to 

15 sefiri the casings from the borehole wail. As a consequence of this nested arrangement 
a relatively large borehole dianwter Is required at the upper part of the weiibore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping. 

20 cement hardening, required equiprrwit changes due to large variations in hole 

diametera drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present Invention is deeded to overcoming one or more of the limitattons of 
the existing procedures for forming new sedtons of casing In a weiibore. 
25 Summary of the invention 

According to one aspect of the present inventton. an apparatus for fonning a 
weiibore casing In a borehole located in a subterranean formatton including a 
preexisting weiibore casing Is prevkled that includes a support member Including a first 
fluid passage, an expansion cone coupled to the support member Including a second 
. 30 fluki passage fluididy coupled to the first fluid passage, an expandable tubular liner 
movably coupled to the expanston cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present inventton. a shoe is provided that 
includes an upper annular portton. an intermediats annular portton. and a toiwer annular 
35 portion. The internr^ediate annular portk^n has an outer drcurnferenoe that Is la^ 
thai the outer drcumferenoes of the upper end tower annular porttons. 
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Aooording to another aspect of the present invention, a method of forming a 
w^llbore casing in a subtenanean formation having a preexisting vveilbors casing 
positionecl in a borahole is provided that indudes installing a tubular liner, an expansion 
oonet and a shoe in the borehole* radially expanding at least a portton of the shoe by 

5 injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular Hner by injecting a fluidic material Into the borehole below the expansion cone. 

According to another aspect d( the prssent Invention, an apparatus for fbnning 
a wellbofe casing in a sid)terranean fonnation having a preexisting wstlbors casing 
positioned In a borshole is provided that includes means for installing a tubular liner, an 

10 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and nieans for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of tlie present invention, an apparatus for fbmiing 
a wellbors casing within a subtenanean formation including a preexisting wellbore 

15 casmg positioned in a t>orehole is provided that includes a tubular liner, and means for 
radially expandfrig arxl coupling the tubular liner to an overiapping portion of the 
preexisting wellbors casing. The inside diameter of the radially expanded tubular liner 
is subsiantiaily equal to the Inside diameter of a norKOveriapping portion of the 
prsexlsting wellbore casing. 

20 Aooording to another aspect of the present Invention, a wellbore casing 

positioned in a borehole within a subtenranean formation Is provided that includes a first 
wellborB casing, and a second wellbore casing coupled to and overbpping with the first 
wellbore casing. The second wellbore casing is coupled to the first wellbore casing by 
the process of: instolling the second weUbore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material Into the shoe, and radially expanding at least a portion of the second wellbore 
casing by InjecOng a fluidic material Into the borehole below the expansion cone. 

According to another aspect of the present inventton, a method of forming a 
tubular stnicture in a subterranean formation having a preexisting tubular member 

30 positioned in a t)orehote is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the tx>rBtio!e, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expandirtg at least a portion of the 
tubular liner by injecting a fluidic material into the txxehole below the expansion cone. 
Aooording to another aspect of the present invention, an apparatus for forming 

35 a tutelar structure in a subterranean formation having a preexisting tubular meml>er 
positioned In a borehole 16 provided that Includes means for Instdl^ a tubular liner, an 
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expansion cone, aid a shoe in the borehole, nneans for radially expanding at least a 
portion of the shoe, and means fbr radially expanding at least a portion of the tubular 
Oner. 

AoQording to another aspect of the present invention, an apparatus fbr fbnning 

5 a tubular sinjoture within a subterranean formation including a preexisting tubular 
member positioned tn a borehole is provided that includes a tijdtnjlar liner and means for 
rBdiaily expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 

10 pree)dsting tubular memt)er. 

According to anc^her aspect of the present invention, a tubular structure 
positioned in a borehole witWn a subterranean formation is provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular m6rTd>er. The srcond tubular member is coupled to the first tubular member by 

15 the fKOcess of: installing the second tubular member, an expansion cone, and a shoe 
In the borehole, radially expanding at least a portion of the shoe by injeding a flutdic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member by irtjecting a fluidic material into the borehole below the expansion cone. 

Brief Description of. the Drawings 

20 FIG. 1 is a fragmentary cross-sectional view illustrating the drlHr^ of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectionsri view illustrating the placement of an 
embodiment of an apparatus for creating a mono-diameter wellbore casing within the 
new section of the well borehole of FIG. 1. 

25 FIG. 2a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-secttonal view of another portion of the shoe of the apparatus 
30 of FIG. Z 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. Z 

FIG. 2e is a cross-sectional view of a portion erf the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentaiy cross-sedional view lUuslratbtg the It^iection of a 
liardenable fiuidic sealhg material through the apparatus and Into the rtew section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-sedional view off a portion (rf the shoe of the apiAralus of 

5 FIG. 3. 

FIG. 3b is a cross-sedionai view of a portion of the shoe of the apparatus off 
FIG. 3a. 

FIG. 4 Is a fragmentary cross-sedional view illustrating the injection of a fiuidic 
material into the apparatus of FIG. 3 in order to fiuididy isolate the Interior of the shoe. 
10 FIG. 4a is a cross-sedional view of a porticm of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is.a cross-sedionai view of a portion of the shoe of the apparatus of 
FIG.4a. 

FIG. 5 is a cross-secOpnai view illustrating the radial expansion of the shoe off 

15 FIG. 4. 

FIG. 6 Is a cross-sedional view illustrating the kswering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sedional view Illustrating the expansion of 0)0 esqMuidable 

expansion cone of the apparatus of FIG. 6. 
20 FIG. Sis a cross^edlonal view IhJStraUng the iiijeclion of fiuidic inaterial into 

. the radially expanded shoe of the apparatus off FIG. 7. 

FIG. 9 is a cross-sedional view ■ustrating the completian of the radial 
expansion of the expandabte tubular memt)er of the apparatus of FIG. 6. 

FIG. 10 is a cross-sedional view illustrating the removal of the bottom portion off 

2S the radially expanded shoe of the apparatus of FIG. 9. 

Fl6. 11 is a cioss-sedlonal view Rlustrating the fonnalion of a monoKliarneter 
welttK>re casing that indudes a piuTBilty off overlapping mono-diameter weflbore 
casings. 

FIG. 1 2 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a mono-diameter welibore casing 

wHhIn the welibore of FIG. 1. 

FIG. 12a is a cross-sedional view of a portion of the shoe of the apparatus of 

FIG. 12. 

FIG. 12b is a cross-sedional view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 12c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 

FIG. 1 2d is a CTDse-sectional view of another portion of the shoe of tifie 
apparatusofFIG. 12. 

5 FIG. 13 is a fragmentary cross-sectional view illustrating the injection of a 

hardenat>ie fluidic sealing material through the apparatus and into the new section of 
the well txmhoie of FIG. 12. 

FIG. 1 3a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

1 0 FIG. 14 is a fragmentary cross-sectional view illustrating the Injection of a fluidic 

material into the apparatus of FIG. 1 3 In order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-secUonal view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-STOtional view illustrating the lowering of the expandable 
expansion cone Into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 Is a cross-secUonal view illustrating the expansion of ttie expandable 
expansion cone of ths apparatus of FIG. 16. . 
20 H6. 18 is a cross-sectional view illustrating the irifectlon of fluidic material Into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sectional yjew Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-secUonal view illustrating the removal of the bottom portion of 
25 the radlaHy expanded shoe of the apparatus of FIG. 1 9. 

Detailed Description of the lllustrativB Embodiments 
Referring initially to FIGS. 1 . 2, 2a, 2b, 2c 2d, 2e, 3, 3a, 3b, 4, 4a, 4b, and 5- 
10, an errtxxJiment of an apparatus and method for fonming a nfK)no<liameter wellbore 
casing within a subterranean fonmatlon will now be described. As illustrated in Fig. 1 , a 
30 wellbore 100 is positioned In a subterranean formation 105. The wellbore 100 includes 
a pre-exlstff^ cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic sealing material such as, for exarnple, cement. The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
embodiments, the preexisting cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the weltt)ore 1 00 into the subterranean fonnation 105, a drill 
string 125 IS used In a well known manner to drill out nnaterial from the sul^terranean 
tornriation 105 to forme new wellboTB section 130. In a prefBrred embodiment the 
inside diameter of the new wellbore section 1 30 is greater than the Inside diameter of 
5 the preexisting wellbore casing 115. 

As lilustFated in FIGS. 2, 2a, 2b, 2c, 2d, and 2e, an apparatus 200 for fbrming a 
wellbore casing in a subterranean formation is then positioned in the new section 1 30 
of the welibore 1 00. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that Includes a lower 
10 portion 210a, an intemfiediate portion 210b, an upper portion 210c and an upper erx) 
portion 21 Od. 

The expansion cone 205 may be any number of conventional commerciaHy 
available expansion cones. In several alternative errdixxiiments, the expansion cone 
205 may be controllably expandabile in the radial direction, for example, as disclosed in 

15 U.S. patent nbs. 5,348,095, and/or 6,012,523, the disclosures of which are 
incorporated herein by reference. 

The tubular member 21 0 may be fabricated from any number of conventional 
commercially avaiteUe materials such as, for example, Oilfteid Country Tubular Goods 
(OCTG). 13 chromium steel tubing/casifig, or ptasHc tubing/casing, inaprafened 

20 embodiment, the tobular member 210 b fabricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments, the tubular member 21 0 
may be solid and/or slotted. For typical tubuter member 210 materials, the length of 
the tubuter member 210 is preferably limited to between about 40 to 20,000 feet In 
length. 

25 The lower portion 210a ofthe tobular nriember 210 preferably has a 

inside diameter than the upper portion 21 Oc of the tobular member. In a preferred 
embodiment the wall thldcness of the intennedlate portion 210b of the tubular member 
201 is less than the wall thickness of the upper portion 21 Oc of the tobular member in 
order to fadlltete the initiation of the radial expansion process. In a preferred 

30 embodirnent, the upper end portion 210d ofthe tii>uterrneniber 210 teskMed^ 

perforated, or othenvlse nrxxllfied to catch or slow down the expansion cone 205 when 
it oomptetes the extrusion of tobular member 210. In a preferred embodiment, wall 
thkicness of the upper end portion 210d of the tubular memt>er 210 is gradually tepered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansion process. In this manner, shock k)adlng.oonditk)ns 
during the latter stages of the radial expansion process are at least minimized. 
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A shoe 215 te coupled to the lower portion 210a Of the tubular member. The 
shoe 215 includes an upper portton 215a. an intermediate portion 215b. and lower 
portion 21 5c having a valveable flirid passage 220 that is preteFaMy adapted to receive 
a plug. dart, or other simBar element for oontroUablyseaHng the fluid passage 220. In 

5 this manner, the fluid ikssage 220 may be optimany sealed off by introducing a plug, 
dart and/or baU sealing elements Into the fliAJ passage 220. 

The upper and lower portions, 215a and 215c of the shoe 215 are preferably 
substantially tubular, and the inlennediate portion 215b of the shoe is preferably at 
least partially folded inwardly. Furthemwre, in a preferred embodiment, when the 

10 intermediate portion 215b of the shoe 21 5 is unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intermediate portion are preferably both greater than the insi(te arKi out^e diam^rs 
of the upper and lower portions, 215a and 21 5a In ttiis manner, the outer 
drcumference of the intennedtate portion 21 5b of the shoe 21 5 is preferably greater 

15 than the outeide circumferences of the upper and lower portions, 215a and 215b. of the 
shoe. 

In a preferred embodiment, the shoe 215 ferther includes one or more through 
and side outtot ports In fluldio communication virlth the fhjid passage 220. In this 
manner, the shoe 215 optimally injecte hardenable fluidic sealing material Into the 
20 region outeide the shoe 21 5 and tubular member 210. 

In an altemative embodiment, the flow passage 220 is omitted. 

A support member 225 having fluid passages 225a and 225b Is coupled to the 
expansion oone 205 for supporting the apparatus 2(X). The HuM passage 225a is 
preferably fluidiciy ooupted to the fluid passage 20Sa. In thi» manner, fluidic matoriate 
25 may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluididy coupled to 
the fluid passage 22Sa and includes a conventtonat contnri valve. In this manner, 
during ptecement of the apparatus 200 within the wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a preferred embodiment the support member 
30 225 further Includes one or more convenUonai oantralzers (not iiiustratBd) to he^ 
stebilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100, the fluid 
passage 225a Is preferably selected to transport matertals such as. for example, drtlling 
mud or fonnatton fluids at flow rates and pressures ranging from about 0 to 3,000 
35 gaitons/hiinute and 0 to 9.000 psi in order to minimize drag on the tobuiar member 
being mn and to minlmin surge pressures exerted on the wellbore 1 30 which could 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluidlc materials at flow rates and pressures ranging frpm about 0 to 3,000 
gallonsAmlnute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 

5 during insertion into the new section 130 cf the wellbWB 100 and to minimize surge 
pressures on the new wellbore section 130. 

A cup seal 235 Is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commen;:ially available cup seals such as, for example, TP 
cups, or SelTCtive Irijection Padier (SIP) cups modified In accordance with the 
teachings of the present disclosure. In a prefened embodiment, the cup seal 235 is a 
SIP cup seai, available from Halliburton Energy Services In Dallas, TX In order to 
optimally Mode foreign material and contain a body of lubricant In several alternative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or xnotB sealing members 240 are prefwably coupled to and supported by 
the exterior surface of the iqpper end portion 210d of the tubular member 210. TTie 
sealing members 240 preferably provide ah overiapping joint between the lower erxl 
portion 115a of the casing 115 and the upper end portion 21 Od of the tubular member 

20 210. The sealing nriembere 240 nray be any number of co^^ 

available seals such as, for example, lead, mbber, Teflonfor epoxy seals modified in 
accordance with the teachings of the prssent disclosure. In a preferred embodiment, 
the sealing members 240 are molded from Strataiodc epoxy avaliabie from Halliburton 
Energy Services in Daflas, TX in order to optimally provide a load bearing interference 

25 fit between the upper end portion 210d of the tubular member 21 0 and the lower end 
portion 115a of the existing casing 115. 

In a preferred embodlnmit, the sealing membere 240 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the frictional force optimally 

30 provided by the sealing members 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular member 21 0. 

in an attemative embodiment, the sealing members 240 are omitted from the 
upper end portion 21 Od of the tubular member 210, and a load bearing nDetal-to-metal 
interference fit is provided between upper erxl portion of the tubular member and the 

35 lower end portion 115a of the existing casing 115 by plastically deforming and radially 
expanding the tubidar member into contact with the existbig casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided In the annular 
region above the expansion cone 205 within the interior of the tubular member 210; In 
this manner, the exlmsion of the tubular member 210 off of the expansion cone 205 is 



5 avdiable lubricants such as. Ibr example, Lubriplat^cMorine baaed lubricants, oil 
based lubricants or Climax 1500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 Is Climax 1500 AntislezB (3100) available from aimax Lubricants and 
Equipment Co. in Houston, TX In order to optimally provide optimum lubrication to 
fedlltate the expansion process. 

10 in a preferred embodiment, the support member 225 is thwoughly cleaned prior 

to assembly to the remaining portions of the apparatiB 200. In this manner, the 
introduction of foreign material into the appanartus 200 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
apparatus 200. 

15 In a preferred embodiment, before or after positioning the apparatus 200 within 

the new section 1 30 of the welibore 100, a couple of welibore volumes are drculated In 
order to ensure that no foreign materials are located within the weflborie 100 that might 
dog up the vartous flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes wMh the expansion pnxiess. 

20 As illustrated in FIGS. 2 and 2e, in a preferred embodinnent, during placement 

of the apparatus 200 within the welibore 100, fluidic nraterials 250 vM\ln the welibore 
that are disptaoed by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a. 225a, and 22Sb. In this manner, suge pressures created by the 
placement of the apparatus within the weHbore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a. and 3b. the fluid passage 225b is then dosed and 

a hardenabte fluidic sealing material 255 is then pumped from a surface location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 Into the fluid passage 

30 220. The material 255 then exite the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the interior wall of the new section 
1 30 of the welibore 1 00. Continued pumping of the material 255 causes the material to 
fill up at least a portion 61 the annular region 260. 



35 and flow rates ranging, for exampte, from about 0 to 5000 psi and 0 to 1.500 

gallons/min, respectively. The optimum flow rate and operating pressures vary as a 



fadlttated. The lubricant 245 may be any number 




intional commercially 



The material 255 is preferebiy pumped into the annular region 260 at pressures 



11 



fundjon of the casing and wellbore sizes, wetlbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detennined using conventional empiricel 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing materials wch as. for example* slag 
mix. cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 Is a blended cement prepared spedficaiiy for the particular well section 
being drilled from Halliburton Energy Services In Dallas, TX in order to provide optimal 

10 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize difficulties during the displacement of cement in tiie annular region 260. 
The optimum blend of the blended cement is preferably detemiined using conventional 
empirical metiiods. In several alternative embodiments, ttie hardenable fluidic seating 
material 255 is comixessible before, during, or after curing. 

15 The annular region 260 preferably is filled wttti Vhe material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of ttie wellbore 100 will be filled witii the material 
255. 

In an alternative embodiment, ttie injection of the material 255 into ttie annular 
20 region 260 is omitted, or te provided after the radial expansion of ttie tubular member 
210. 

As illustrated In FIGS. 4, 4a, and 4b, once the annular region 260 has been 
adequately filled with the material 255, a plug 265, or ottier sindar device, is bitroduced 
into ttie fliM passage 220, thereby fluididy isolating the interior region 2^ 

25 arvudar ragion 260. In a prtferred embodiment, a non-hardenable fhildlc mat^l 270 
Is ttienpunriped into the interior region 230 causing ttie interior r^ In 
ttils manner, ttie interior region 230 of the expanded tubular mmiber 21 0 will not 
oontemi significant amounts of the cured material 255. This also reduces and simplifies 
ttie cost of ttie entire process. Alternatively, ttie material 255 may be used during this 

30 phase of ttie process. 

As illustrated in FIG. 5, In a preferred embodiment, the continued Injection of 
ttie fluidic material 270 pressurizes ttie region 230 and unfolds ttie intermediate portion 
21 5b of ttie shoe 215. In a preferred embodiment, ttie outside diameter of ttie unfolded 
intemiediate portion 215b of ttie shoe 215 Is greater ttian the outside diameter of ttie 

35 upper and lower portions, 215a and 215b, of ttie shoe. In a preferred embodiment, ttie 
inside and outeide diameters of ttie unfolded Intermediate portion 215b of ttie shoe 215 
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are greater than the inside and outside diameters, respectiveiy, of the upper and iower 
portions, 215a and 215b. of the shoe. In a preferred emt>odiment. the inside diameter 
of the unfolded intemnediate portion 215b of the shoe 215 Is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 1 5 in order to optimally 

5 fadState the formation of a monoKliameter wellbore casing. 

As illustrated in FIG. 6, in a prefened embodiment, the expansion cone 205 Is 
then lovuered into the unfolded Intennediate portion 21 5b of the shoe 21 5. In a 
preferred embodiment, the expansion cone 205 lowered into the unfolded 
intenmecfiate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lower portion 215c of the shoe 215. In a preferred embodiment, during 
the towering of the expansion cone 205 into the unfolded intermediate portion 215b of 
the shoe 215. the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary position. 

As Hustrated in FIG. 7, in a prefened embodiment, the outside diameter of the 

15 expansion cone 205 is then bicreased. in a prefened embodiment, the outside 
diameter of the expansion cone 205 te increased as disclosed in U.S. patent nos. 
5,348.095, and/or 6,012.523, the disclosures of which are incorporate herein by 
reference. In a prefened embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the Inside diameter of the preexisting 

20 wellbore casing 11 5. 

In an altenriatlve embodiment, the expansion oone 205 is not lowered into the 
radially expanded portion of the shoe 21 5 prior to being radially expanded. In this 
manner, ttie upper portion 210c' of the shoe 210 may be radially expanded by the radial 
expansion of ttie expansion oone 205. 

25 In anpttier altemative embodiment, ttw expansion oone 205 is not radially 

expanded. 

As iiiustrated In FIG. 8, in a preferred embodiment, a fluidic material 275 is ttien 
injected Into ttie region 230 ttirough ttie fluid passages 225a and 20Sa. In a prefened 
embodiment, once the Interior region 230 becomes sufHdentiy pressurized, the upper 

30 portion 21 5a of the shoe 21 5 and the tubular member 21 0 are preferably plastically 
defonned, radially expanded, and extruded off of ttie expansion cone 205. 
Furthennore, in a prefened embodiment, during ttie end of the radial expansion 
process, ttie upper portion 210d of ttie tubular member and the lower portion of the 
preexisting casing 1 1 5 ttiat overiap wtth one anottier are simultaneously plastically 

35 deformed and radially expanded. In ttiis manner, a mono-diameter wellbore casing 
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nnay be formed ttiat includes the preexisting wellbore casing 1 15 and the radially 
expanded .tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 

5 ndrusion process, the expansion cone 205 Is raised at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overiapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be opdmaHy formed. In an aKemaUve preferred 

10 embodiment, the mpahsion oone 205 is maintained In a stationary position during the 
exmjsion process thereby allowing the tubular member 210 to extrude off of the 
expansion oone 205 and into the new wellbore section 130 under the force of gravity 

and the operating pressure of the interior region 230. 

In a prefarred embodiment, wtien the upper end portion 210d of the tubuiar 

15 member 210 and the lower portion of the preexisting casing 1 15 that overlap with one 
another are plastically deformed and radially expanded by the expansion cone 205. the 
expand oone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axlai force appled to ttie 
tubuiar support member 225. 

20 The overiapping joint between the lower portion ofthe preexisting casing 115 

and the radially expanded tubular member 210 preferably provides a gaseous and 
fiuidic seal. In a particularty preferred embodiment, the sealing members 245 optimally 
provide a fliMIc and gaseous seal in the overlapping Joint. In an alternative 
embodhnent. the sealing members 245 are omitted. 

25 In a preferred wnbodiment. the operating prMsure and flow rate of the fluMIc 

material 275 is controilably ramped down when the expansion oone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion, of Une tubuiar member 210 off of the 
expansion oone 205 can be minimized. In a preferred embodiment, the operating 

30 pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning wtien the expansion oone 205 Is witMn 
about 5 feet from completion of the extrusion process. 

Alternatively, or In combination, the wall thickness of the upper end portior} 
210d of the tubular member is tapered in order to gradually reduce the required 

35 operating pressure for piastically defonning and radially expanding ttw upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least raduoed. 

Alternatively, or in oombination, a shock absortMr is provkled in the support 
menAer225 in order to absorb the shock caused by the sudden release of pressure. 

5 The shock absorber niay comprise, for mample, any conventkmai commercially 
available shock absort>er, bumper sub. or Jars adapted for we In wellbore operattons. 

Altematively, or in oombination, an expansion oone catching structure is 
provkied in the upper erki portton 21 Od of the tubular member 210 in orcter to catch or 
at least decelerate the expanston cone 205. 

10 In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and frictkm effects upon the tubular nnember 210 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular menit>er 210 and expanston oone 205, the Inner 
diameter of the tubular member 210, the wall thickness of the tubular member 210. the 

1 5 type of lubrtoOTt, and the yieM strength of the tubular member 21 0. In general, the 
thtekM- the wall thickness, the snnaller the Inner diameter, and the greater the yteM 
strength of the tubular member 210, then the greater the operating pressures reqiAred 
to extnjde the tubular menriber 210 off of the expansion cone 205. 

For typical tubular nnembera 210. the extruston of the tubiriar member 210 off of 

20 the expansion oone 205 will begin when the pressure of the interior regton 230 
reKhes, for example, approximately 500 to 9,000 pel. 

During the extrusion process, the expanston cone 205 may be raised out of the 
expanded portton of the tubuter member 21 0 at rates ranging, for axampto, from about 
0 to 5 fl/sec. In a prefened enrtbodiment, during the extruston process, the expansion 

25 cone 205 is raised out of the expanded portton of the tubular member 210 at rates 
ranging flrom about 0 to 2 ft/sec in order to minimize the time required f<x the expansion 
procete wMIe also permitting easy control of the expanston process. 

As illustrated In FIG. 9, once the extrusion process Is completed, the expansion 
cone 205 Is removed from tt>e weilbore 100, In a preferred mibodiment, either before 

30 or after the removal of the expansion cone 205, the integrity of the fluMic seal of the 
overlapping Joint between the upper end portton 21 Od of the tubular member 210 and 
the lower end portton 1 1 5a of the preexisting weilbore casing 1 1 5 is tested using 
oonventtonal n)ethods. 

In a prefsned embodiment if the fluidic seal of the overtopping joint between 

35 the upper end portton 210d of the tubuter member 210 and the lower end portton 1 15a 
of the casing 115 b satisfactory, then any uncured portton of the metertal 255 within the 
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expanded tMbular member 210 Is then removed in a oonventional manner such as» for 
example, drculating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then puBed out of the weHbore section 130 
and a drill bit or miD is used in combination with a conventional drilling assembly to drOi 
5 out any hardened material 255 within the tubular member 210. In a preferred 
embodiment, the material 255 within the annular region 260 Is then allowed to fully 
cure. 

As illustrated in FIG. 10, the bottom porlioh 215c of the shoe 215 may then be 
removed by drilling out the bottom portbn of the shoe using conventional drilling 

10 methods. The wellbore 100 may then be extended in a conventional manner using a 
oonventional drilling assembly. In a prefenred embodiment, the inside diameter of the 
extended portion of the weBbora 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As Illustrated in FIG. 11, the rriethod of FIGS. MO may be repeatedly 

1 5 perfonmed in order to provide a mono-dlametor wellbore casing that Includes 

overlapping wellbore casings 1 15 and 210a-210e. The wellbore casing 1 15, and 210a- 
210e preferably include outer annular layers of fluidic sealing material. Alternatively, 
the outer annular layers of fluidic sealing material may be omitted. In this manner, a 
mono-diameter wellbore casing may be fbmned within the 8id>terranean Ibmiation that 

20 extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-11 
may be used to fbnn a mono-dbmeter wellbore casing, a pipeline, a stnictural support, 
or a tunnel within a subterranean fonnation at any orientation from the vertical to the 
horizontal. 

In a preferred embodiment, the formation of a mono-diameter wellbore cashg, 
25 as illustrated In ROS. 1-1 1 . is further provided as disclosed In one or more of the 
following: (1) U.S. patent application serial no. 09M54,139. atlomey dodcet no. 
25791.03.02, filed on 12^1999, (2) U.S. patent application serial no. 09^10.913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application sertel 
no. 09/502,350, attorney dodcet no. 25791 .8.02, filed on 2/10/2000. (4) U.S. patent 
30 application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1 999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 
on 3/10/2000, (6) U.S. patent appScatton serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appHcation serial no. 09/511,941. 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent appKcatkMi serial 
35 no. 09/588,946, attomey docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent 
applicatton serial no. 09/559.122, attorn^ docket no. 25791.23.02, filed on 4/26/2000, 
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(10) PCT patent application serial no. PCTAJSOQ/18635, attorney docket no. 
25791 .25.02. filed on 7/9/2000, (11) U.S. provisional patent applcation serial no. 
60/162,671. attorney docket na 25791.27, filed on 11/1/1999. (12) U.S. pioviskmal 
patent appikatton serial no. 60/154.047. attorney docket no. 25791.29. filed on 
5 9/16/1999, (13) U.S. provistonal patent applicatton serial no. 60/159.082. attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent appHcatton serial 
no. 60/1 59.039. attorney docket no. 25791 .36. filed on 10/li2/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999. (16) U.S. provisional patent appllcatmn serial no. 60/212.359. attorney 

1 0 docket no. 25791 .38. filed on 6/1 9/2000. (1 7) U.S. provistonal patent applicatkm serial 
no. 60/165.228, attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. 
provisional patent application serial no. 60/221,443. attorney docket no. 25791.45. filed 
on 7/28/2000. (19) U.S. provistonal patent applteation serial no. 60/221,645, attorney 
docket no. 25791 .46. filed on 7/28/2000, (20) U.S. provisional patent applicatton serial 

15 no. 60/233.638. attorney docket no. 25791.47. filed on 9/18/2000. (21) U.S. pravisksnal 
patent application serial no. 60/237,334, attorney docket no. 25791 .48. filed on 
10/2/2000. and (22) U.S. provisional patent applicatkm serial no. 60/262,434. attorney 
docket no. 25791.51. filed on 1/17/2001, the disctosures of whtoh are incorporated 
herein by reference. 

20 Referring to FIQS. 12. 12a, 12b, 12c and 12d, in an alternative embodiment, an 

apparatus 300 for fomiing a mornHfiameter welbore casing is poslttoned within the 
wellbore casing 1 15 that Is substantiaily kfentical in design and operation to the 
apparatus 200 except that a shoe 305 is substititied for the shoe 215. 

In a preferred embodiment, the shoe 305 includes an upper portion 305a. an 

25 intermediate portion 305b. and a kMferportton 305c having a valveable fluid passage 
310 ttiat is preferably adapted to rsceive a plug, dart or other similar element for 
controllably sealing ttte fiuid passage 310. in Ms manner, the fiukl passage 310 may 
be optimally sealed off by introducing a plug, dart and/or bail seaHng elements into tiw 
fluid passage 310. 

30 The upper and lower portions, 305a and 305c, of tiie ^oe 305 are preferably 

substantially tubular, and the intermediate portion 305b of the shoe Includes 
corrugations 305ba-305bh. Furttiennore. in a prefened embodiment, vtrhen tt>e 
intennediate portion 305b of ttte shoe 305 Is radially expanded by Vnd application of 
fluid preesure to the interior 315 of ttie shoe 305. the inskle end outsUe diameters of 

35 the radi^ expanded intennediato portion are praferablybotti greater than the insMe 
and outshle diameters of the upper and lower piorttons. 305s and 305c. In this manner. 
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the outer dicumferenoe of the intennediate portion 305b of the shoe 305 is preferably 
greater than the outer cbcumfMenoes of the upper and lower portiorw. 

of the shoe. 

in a preferred embodinrient. the shoe 305 further inchides one or nnore t^ 
5 and side outlet ports In fluidlc(X)mrnunlcation with the fluid passage 310. inttiis 
manner, the shoe 305 optimally ii^eds hardenable fluidic sealing material into the 
region outside the shoe 305 and tubular rhember 210. 

In an alternative embodiment, the flow passage 310 is omitted. 
In a prefened embodiment, as illustrated in FIGS. 12 and 12d. during 
10 plaoement of the apparatus 300 within the weHbore 100. fhjidicrnaterials 250 vtrfth^ 
wdbore that are displaced by the apparatus are conveyed through the fluid passages 
310, 205a, 225a, and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the weUbore 100 are reduced. 

In a preferred embodiment, as niustrated in FIG. 13 and 13a. the fluid passage 
15 225b is then dosed and a hardenable fluidic sealing material 255 is then pumped from 
a surfcice location into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205b into the interior region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
Into the fluid passage 310. The materfal 255 then exits the appairatus 300 and flDs the 
20 annular region 260 between the exterior of the tubular member 21 0 and the interior wall 
of the new sedion 130 of the wellbore 100. Continued pumping of the material 255 

causes the material to fiH up at least a portion of the annular region 260. 

The material 255 is preferebly pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 
25 gaiions/mln, respedlvely. The optimumflow rate and operating pressures vary as a 
function of the casing and wellbore sizes. weHbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rale and operating pressure are prefereUy determined using conventional empirical 
methods. 

30 . The hardenable fluidic sealing material 255 may be any number of conventional 
oommerdally available hardenable fluidic sealing materials such as. for example, slag 
mix. cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well sedion 
being drilled from HaHlburton Energy Services in Dallas. TX in order to provide optimal 

35 support for tubular member 210 while al«> maintaining optimum flow charaderisflcs so 
as to minimize difficulties during the displaoement of cement In the annular region 260. 
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The optimum Mend of the blended cement is preferably detemiined using conventional 
empirical methods. In several alternative embodiments, the hardenable fliddic sealing 
material 255 is compressibie before, dwing. or after curing. 

. The annular region 260 preferably is fflled with the material 255 in sufRdent 
5 quantties to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the vvellbore 100 \Mil be filled with the m^^ 

255. 

In an alternative embodiment, the Irijedion of the material 255 into the annular 
rsgion 260 is omitted. 

10 As iilustnated in FIGS. 14 and 14a. once the annular region 260 has been 

adequately filled with the materel 255, a plug 265. or other similar device, is introduced 
Into the fluid passage 310. thereby fluidldy isolating the interior region 315 from the 
annular region 260. In a prefenred embodiment, a non4tardenabie fluidic material 270 
is then pumped into the interior regton 315 causing the interior region to pressurize. In 

1 5 this manner, the interior region 31 5 will not contain significant amounts of the cured 
material 255. This also reduces and simpBfim the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As Illustrated in FIG. 15. in a piefened embodiment, the continued injection of 
the fluldb material 270 presaurizas the region 315 and unfolds the oomigatlons 305l>a- 

20 305bh of the Intemnediate portion 305b of the shoe 305. in a preferred embodiment, 
the outside diameter of the unfolded intemnediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions. 30Sa and 305b. of 
theahoe. In a preferred embodiment, the inside and outside diameters of the unfbMed 
intemnedlato portion 305b of the shoe 305 ere greater than the Inside and outside 

25 dtemetere, respecUveiy. of the upper and lower portions. 305a and 305b. of the shoe. 
In a preferred enrilxxfiment. the inside diameter of the unfolded interniedete portion 
305b of the shoe 305 is substentiaHy equal to or greater than the inside diameter of the 
preexisting caeing 305 in order to optimize the fbmnation of a mono-diameter weiibore 
casing. 

30 As illustrated in FIG. 16. in a preferred embodiment tlie expansion cone 205 is 

then lowered into the unfolded intenmediate portion 305b of the shoe 305. In a 
preferred emtxxiiment. the expansion cone 205 is lowered into the unfolded 
intemnediate portion 305b of the shoe 305 until the bottom of the expansion cone is 
proximate the tower portion 305c of the shoe 305. In a pruned embodiment, during 

35 the lowering of the expansion cone 205 irtio the unfolded intemnediate portion 305b of 
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the shoe 305, the material 255 within the annuiar region 260 maintains the shoe 305 in 
a sut»iantially stationary position. 

As illustrated in FIG. 17, in a preferred embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a prefenred embodiment, the outside 
5 diameter of the expansion oone 205 is increased as disclosed in U.S. patent nos. 
5,348,095. and/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a prefened embodiment, the outside diameter of the radially expanded 
expansion cone 205 Is substantially equal to the inside diameter of the preexisting 
weRbore casing 115. 

10 In an alternative embodiment, the expansion oone 205 is not lowered Into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another altematlye embodiment, the expansion cone 205 Is not radially 

15 expanded. 

As illustrated in FIG. 18. in a preferred embodiment^ a fluidic material 275 is 
then injected into the regton 315 through the fluid passages 225a and 205a. In a 
preferred embo(Sment, once the interior region 315 becomes sufndeiitly pressurized, 
the upper portion 305a of the shoe 305 and the tubuter member 210 are preferably 

20 plastically defomied, radially expanded, and extruded off of the expansion cone 205. 
Furthermore, In a preferred embodiment, during the end of the radial expaneion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 1 1 5 that overtap with one another are simuNaneously plastically 
deformed and radially expanded, in this nnanner, a moncHllameterweilbore casing 

25 may be fonned that includes the preexisting wellbore casing 1 1 5 and the radtelly 
expanded tubular member 210. 

During the extnision process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 210 is expanded In order to Iceep the tubular member 21 0 

stationary relative to the new wellbore section 130. In this manner, an overiapping joint 
between the radisdly expanded tubular member 210 arKi the lower portion of the 
preexisting casing 115 may be optimally fcKmed. In an alternative preferred 
embocfiment, the expansion cone 205 is malntelned In a stationary position during the 

35 extriislon process thereto allowing the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new wellbore secfion 130 under the force of gravity 

and the operating pressure of the Interior region 230. 

In a prsferred mbodiment, when the upper end portion 21 Od of the tubular 

meml)er 210 and the lower portion of the prsexi^g casing.1 15 that cyverlap with one 
5 mother are piastically deformed and radially expanded by the expaneton oone 205. the 

expansion oone 205 Is displaced out of the wellbore 1 00 by both the operating 

pressure within the region 230 and a upwardly directed axial force applied to the 

tubular support meniber 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
10 and the radially expanded tubular member 210 preferably provides a gaseous and 

fluldic seal. In a particularly preferred embodiment, the sealing members 245 optimally 

provide a fluidic and gaseous seal in the overlapping Joint In an alternative 

embodiment, the seafing members 245 are omitted. 

In a preferred embodiment, the operating pressure arKl flow rate of the fluidic 
1 5 material 275 is controilably ramped down when the expansion cone 205 reaches the 

upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 

of pressure caused by the complete extrusion of the tubular memt>er 210 off of the 

expansion cone 205 can be minimized. In a prsferred embodiment, tlie operating 

pressurs Is reduced in a substantiaily linear feshion from 100% to about 10% during 
20 the end of the extnj8ionpn)cess beginning when the expansion oone 205 is wi^ 

about 5 feet from completion of the extmsion process. 

Alternatively, or in combination, the wail IMdcness of the upper end portion. 

210d of the tubular member is tepered in order to gradually reduce the fequired 

operating pressure for plastically deforming and radtelly expanding the upper e 
25 portion of the tubular member. In this manner, shodc loading of the apparatus may be 

at least partially minimized. 

Alternatively, or in combination, a siiock absort)er is provided In the support 

member 225 in order to firi:>sorb the shodc caused by the sudden release of pressure. 

The shodc at)sort)er may comprise, for example, any conventional commercially 
30 available shock absort)er adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion 21 Od of the tubuter member 210 in order to catch or 

at teast deceterate the expansion oone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 
35 burst, and friction effects upon the tubular member 21 0 during the expansion process. 

These effecte will be (tepend upon the geometry of the expansicxi cone 205, the 
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matarial oomposttion of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular member 210. the wall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yieU 

5 strength of the tubular member 210, then the greater the operating pressures rsquired 
to extnjde the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extmston of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psL 

10 During the extrusion process, the expansion cone 205 may be raised out of the 

exparxied portk>n of the tubular number 210 at rates ranging, for example, from about 
0 to 5 ft/sec in a preferred embodiment, during the extniston process, the expansbn 
cone 205 is raised out of the expanded portion of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

15 process while also permitting easy control of the expansion process. 

As illustrated In FIG. 19, once the extruston process is completed, the 
expansion cone 205 is removed from the weiibone 100. In a preferred embodiment, 
either before or after the removal of the expanston cone 205, the Integrity of the fluidic 
seal of the overlapping Joint between the upper end portkm 210d of the tubular member 

20 210 and the k>wer end portton 1 15a of the preexisting wellbora casing 1 15 is tested 
iming conventkmal methods. 

In a preferred embodiment If the fluMIc seal of the overiapping Joint between 
the upper end portkm 210d of the tubular member 210 and the k)wer md portion 115a 
of the casing 115 is satisfactory, then any uncured portton of the material 255 within the 

25 expanded tubular member 210 Is then removed in a conventkmal manner such as, for 
exarnple. circulating the uncured material out off the interior of the expanded tubular 
member 210. THeaxpanston cone 205 is ttien pulled out of the weilbore section 130 
and a drill bit or mill Is used In combination with a conventional drilling assembly to drill 
out any hanJened material 255 within the tubular member 210. in a prefened 

30 embodiment, the materfal 255 within the annular regton 260 is then alksfwed to fully 
cure. 

As illustrated in FIG. 20, the bottom portk>n 305c of the shoe 305 may then be 
renK)ved by drilling out the bottom portton of the shoe using conventional drilling 
methods. The weilbore 100 may then be extended in a conventional manner using a 
35 conventional drilling assembly, in a prefened embodiment, the inside diameter of the 
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mtended portion of the wellbote is greater tlian the inskto diameter of the radlaliy 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly performed in order to provide a 
rnono-diainelervveilborecasirig that includes oveilaprringwellbore casings. The 

5 overlapping vveHbore casing preferat)Vindude outer annular layers of fluM^^ 
material. Alternatively, the outer annular layers of fluidic sealing matertel may be 
omitted. In this manner, a mono-diameter wellbore casing may be formed within the 
subterranean Ibnnation that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12-20 may be used to fbnn amono-diameter wellbore casing, a 

1 0 pipeline, a stnjctural support, or a tunnel within a subtenanean fonnation at any 
orientation from the vertical to the horizontal. 

In a prefened embodiment, tiie fonnation of a mono-dianrteter wellbore casing, 
as illustrated In FIGS. 12-20, Is further provided as disclosed in one or mors of Vie 
following: (1 ) U.S. patent application serial no. 08/454, 1 39, attorney docket no. 

15 25791 .03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913. 
attorney dodcet no. 25791 .7.02. filed on 2^3/2000, (3) U.S. patent application serial 
no. 09/502,350. attorney dodcet no. 25791.8.02, fited on 2/10/2000, (4) U.S. patent 
application sertal no. 09/440,338. attorney dodwt no. 25791 .9.02. fited on 1 1/1 5/1999. 
(5) U.S. patent application serial no. 09/523.460, attorney dodcet no. 25791 .1 1 .02. filed 

20 on 3/10/2000. (6) U.S. patent application serial no. 09^12,895. attomey docket no. 
25791 .12.02. fUed on 2/24/2000. (7) U.S. patent application eerial no. 09^1 1 .941 , 
attorney docket no. 25791 .16.02, fited on 2/24/2000, (8) U.S. patent appltoation serial 
no. 09/588.946. attorney docket na 25791 .17.02. fited on 6/7/2000. (9) U.S. patent 
application serial no. 09^9.122, attorney docket no. ^791 .23.02, filed on 4/26/2000. 

25 (10) PCT patent application serial no. PCT/USOO/1 8635, attorney docket no. 
25791.25.02. fited on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29. filed on 
9/16/1999, (13) U.S. provlstonal patent application serial no. 60/159,082. ettom^ 

30 docket no. 25791 .34. filed on 10/12/1999, (14) U.S. provistonal patent application serial 
no. 60/159,039. attorney docket no. 25791.36, fited on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033. attorney docket no. 25791 .37. filed 
on 10/12/1999. (16) U.S. provistonal patent application serial no. 60/212,359. attorney 
docket no. 25791.38, fited on 6/19/2000. (17) U.S. provistonal patent application serial 

35 no. 60/165.228. attorney docket no. 25791.38. fited on 1 1/12/1999. (18) U.S. 

provistonal patent application serial no. 60/221 ,443, attorney docket no. 25791 .45, filed 
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on 7/2B/2000. (19) U.S. provisional patent application serial no. 60/221,645, attorney 
dodket no. 25791 .46, filed on 7/2B/2000, (20) U.S. provisional patent applicatton serial 
no. 60/233,638. attorney dodcet ho. 25791 .47, filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 6Q/237.334» attorney dodcet no. 25791.48, filed on 

5 10/2/2000, and (22) U.S. provisional patent applicatidn serial no. 60/262,434, attorney 
dodcet no. 25791 .51 , filed on 1/1 7/2001 , the disclosures of which are ihoorpoFated 
herein by reference. 

In several alternative emtxxliments, the apparatus 200 and 300 are used to 
form and/or repair wellkwre casings, pipelines, and/or structural supports. 

1 0 In several alternative emtKxJiments, the folded geometries of the shoes 21 5 and 

305 are provided in accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794,702, the disdosures of which are incorporated herein by rsference. 

An apparatus for forming a wellbore casing in a borehole located in a 
subterranean formation Induding a preexisting wellbore casing has been described that 

15 indudes a support niember Induding a first fluid passage, an expansion cone coupled 
to the support memt)er indudirtg a second fluid passage fluididy coupled to the first 
fluid passage, an expandable tubular liner movably coupled to the expansion cone, end 
an expandable shoe coupled to the expandable tubular liner. In a prefened 
embodiment, the expansion cone is expandable. In a preferred embodment, the 

20 expandable shoe indudes a valveable fluid passage for oontiplling the flow of fluidic 
materials out of the expandable shoe. In a prefened embodiment, the expandable 
shoe includes: an expandable portton and a rernaining portion, wherein the outer 
droumferenoe of the expandable portton Is greater ttian ttie outer drcumferenoe of the 
remaining portion. In a preferred embodiment, the expandable portion indudes: one or 

25 more Inward folds. In a preferred embodiment, the expandable portion indudes: one or 
mors corrugations. In a preferred embodiment, ttie expandable shoe indudes: one or 
mors Inward folds. In a preferred embodiment, ttie expandable shoe indudes: one or 
mors cormgations. 

A shoe has also been described that indudes an upper annular portion, an 
30 intenmediate annular portion, ami a lower annular portion, wherein ttie intermediate 
annular portion has an outer drcumferenoe that is larger than the outer drcunrrferences 
of the upper and lower annular portions. In a preferred embodiment the lower annular 
portton indudes a valveable fluid passage for conttolling \ha flow of fluidic materials out 
of ttie shoe. In a prefened embodiment, the Intermediate portion indudes one or mora 
35 inward folds. In a preferred embodiment, the intermediate portton indudes one or mors 
corrugations. 
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A method of forming a wellbore casing in a subtenranean formation having a 
preexisting welibore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe In the borehole, 
radiaHy expanding at least a portion of the shoe by injecting a fluidic material Into the 
5 shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borahoie below the expansion cone. In a prefenred embodiment, the 
method further indudes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 prefened embodiment the method further includes, radially expanding at least a portton 
of the shoe and the tubular liner by injecHng a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment the method further 
includes in^ng a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a prelamed embodiment, the method further indudes 

15 radiaBy expanding at least a portion of the preexisting wellbore casing, in a prefened 
emtjodiment the method further indudes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing. In a preferred 
embodiment, the Inside diameter of the radtadly expanded tubular liner is substantially 
equal to the inside diameter of a nonoverlapping portion of the preexisting wellbore 

20 casing. In a preferred embodiment, the method further indudes applying an axial force 
to the expansion cone. In a preferred embodiment, the inside diameter of the radifilly 
expanded shoe is greater than or equal to the Inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore casing in a subterranean formation having 
?5 a prsexisting wellbore casing positioned in a borehote has also been described that 
indudes means for Instelling a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a prefened embodinnent, the 
apparatis further indudes means for radtelly expanding the expansion cone. In a 
30 preferrad embodiment, the apparatus further indudes means for lowering the 

expansion cone Into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
indudes means for injecting a fluidic material Into the borehole below the radtelly 
expanded expansion cone. In a preferred embodbnent, the apparatus further Indudes 
35 means for Irijeding a hardenabte fluidic sealung material into an annulus between the 
tutxitar fefier and the borehole. In a prafenred embodiment, the apparatus further 
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includes means for radially expanding at least a portion of the pre^stihg weilbore 
casing. In a preferred embodiment, the apparatus further indudes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting weilbore casing. In a preferred embodiment, the inside diameter of the 

5 radially expanded tubular liner is substantially equal to the inside diameter of a 

nonoverlapping portion of the preexisting weilbore ca^ng. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a prefienned embodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatus for fomring a weilbore casing within a subterranean fbnmation 

including a preexisting weilbore casing positioned in a borehole has also been 
described that includes a tubular Knar and means for radially expandir^ and coupling 
the tubular liner to an overlapping portion of the preexteting weilbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 diameter of a non-overlapping portion of the preextetir^ weilbore casing. 

A weilbore casing positioned In a borehole within a subterranean formation has 
also been described that includes a first welibore casing and a second welbore casing 
coupled to and overlapping with the first welibore casing, wherein the second weilbore 
casing is coupled to the first welibore casing by the process of: installing the second 

20 welibore casing, an expansion cone, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a porlton of the second welibore casing by injecting a fluidic material 
into the borehole below the expansion oone. In a preferred embodiment, the process 
for forming the weilbore casing further includes radially expanding the expansion oone. 

25 In a preferred embodiment the process for fomrring the weilbore casing further includes 
lowering the expansion cone Into the radially expanded portion of the shoe, arid radially 
expanding the expansion oone. In a preferred entfxxliment, the process for forming the 
welibore casing further indudes radially expanding at least a portion of the shoe and 
the second weilbore casing by ln}ecttng a fluidic material into the borehole below the 

30 radially expanded expansion cone. In e pr^rred embodiment, the process for fomnlng 
the weilbore casing further includes injecting a hardenable fluidic sealing material into 
an annuius between the second welibore casing and the borehole. In a preferred 
embodiment, the process for forming the welibore casing further includes radially 
expanding at least a portion of the first weilbore casing, in a preferred embodiment, 

35 the process for forming the weilbore casing further Includes overlapping a portion of the 
radially expanded second welibore casing with a portion of the first weilbore casing. In 
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a preferred embodiment the inside diameter of the radially expanded second weiltx)re 
casing is sut>stantialiy equal to the inside diameter of a nonoveriapping portion of the 
first welitxm casing. In a preferred en<)odiment, the process for fomihg he welltxm 
casing further includes applying an axial force to the expansion cone, in a preferred 

5 embodiment, the inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of fbnning a tubular stmcture in a subterranean fonnation having a 
preexisting tubular member positioned in a borehole has also been described that 
includes Installing a tubular liner an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by Injecting a fluidic 
material Into the borehole belowr the expansion cone. In a preferred embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further Includes lowering the expansiw cone Into the radially 

1 5 expanded portion of the stoe, and radially expanding the expansion cone. In a 

preferred embodiment the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by Ejecting a fluidio materiai into the borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
includes Injecting a hardenable fluidic sealing material into an annidus between the 

20 tubular liner and the borehole. In a preferred embodiment, the method further includes 
radially expanding at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further includes overiapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tjbutar member. In a preferred 
embodiment the inside diameter of the mdiaily expanded tubular liner is substantially 

25 equal to the Inside diameter of a nonoveriapping portion of the preexisting tubular 
member. In a preferred embodiment the method further indudw applying an axial 
force to the expansion oone. In a prefened embodiment, the Inside diameter of the 
radially expanded shoe is greater than or equal to the inside diameter of Uie radially 
expanded tubular liner. 

. 30 An apparatus for forming a tubuteir structure in a subtenanean formation having 

a preexisting tubular memt^er positioned In a borehote has also been described that 
. includes means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of Vhe tubular liner. In a preferred embodiment the 

35 apparatus furthm* includes means for radially expanding Vhe expansion oone. In a 
preferred embodiment the apparatus further includes means for lowering the 
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expansion cone into the radially expanded portion of the shoe, arid means for radlaliy 
expanding the expansion oone. In a preferred emtiodiment. the apparati^ further 
indudes means for injecting a fluldic matertai into the borehole i^eiow the radially 
expanded expansion oone. In a prsfenedemMlment the apparatus further includes 

5 means fbr injecting a hardenable fluidic sealing material into an annulus Iselween the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
includes means fbr radially expanding at least a portion of the preexisting tubular 
member. In a preferred embodbnent, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner Is substantially equal to the inside diameter of a 
nonovertapping portion of the preexisting tubular member. In a preferred embodiment, 
the apparatus further includes means fbr applying an axial force to the expansion cone. 
In a prefened embodiment, the Irtslde diameter of the radially expanded shoe is greater 

1 5 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for fbrnning a tubular structure within a subtenenean fbnniation 
including a preexisting tubular number positioned in a t)orehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 Inside diameter of the radially expanded tubular liner is substantially equal to the inside 
diameter of a non-overlapping portion of the preexisting tubular member. 

A tubular stnidure positioned In a borehole within a subterranean formation has 
also been described that includes a first tubular member and a second tubular mentber 
coupled to and overlapping with the ftst tubular member, wherein the second tubular 

25 member is coupled to the first tubidar member by the process of: installing the second 
tubular member, an expansion cbhe, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second tubular member by injecting a fluidic material 
into the borehole below the expansion cone. In a preferred emtx)dinrrant, the process 

30 for forming the tubular structure further Includes radially expanding the expansion cone. 
In a preferred embodiment, the process for forming the tubular structure f i^er 
includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion cone. In a preferred emtxxJiment. the process 
for forming the tubular structure further includes radially expanding at least a portion of 

35 the shoe and the second tubiter member by Injecting a fluidic material into the 

borehole below the radially expanded expanston oone. In a preferred embodiment, the 
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process for fomning the tubular structure further includes injecting a hardenable fhjidic 
sealing matertal into an annulus between the second tubular member and the borehole. 
In a preferred embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of this first tubular member. In a preforred 

5 embodiment, the process for fomning the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member wilh a portion of the first 
tubular member. In a preferred embodiment, the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside dlamster of a 
nonoverlapping portion of the first tubular member. In a preferred embodiment, the 

1 0 process for forming the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the Inside diameter of the radially expanded 
seooTKl tubular member. 

Although illustrative embodirnents of the invention have been shown and 

1 5 described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the inventton. 
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CLAIMS 

1. A shoe, oomprising: 

an upper annular portion; 

an intenmediate annular portion coupled to the upper annular portion; and 
5 a lower annular portion coupled to the intennedlate portion; 

wherein the Intermediate annular portion has an outer drcunrferenoe that Is 
larger than the outer drcumferenoes of the upper and lower annular portions. 

2. The shoe of dalm 1, wherein the lower annular portion indudes a vah/eable fluid 
10 passage for oontroinng the flow offiuidicrnaierials out of the shoe. 

3. The shoe of daim 1 . wherein the Intermediate portion indudes: 
one or more Inward folds. 

15 4. The shoe of daim 1 , wherein the intermediate portion Indudes: 
. one or more corrugations. 



5. A shoe, comprising: 

an upper annular porton; 
20 an intenmediate annular portion coupled to the upper annular portion Indudlng 

one or more inward folds; and 

a lower annular portion coupled to the intenmediate portion indudlng a 
valveal)le fluid passage for contrdllng the flow of fliddlc materials out of the shoe; 
wherein the interniedlate annular portion has an outer drcunn^^ 
25 larger than the outer drcumferenoes of the upper and lower annular portions. 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located In a 
subterranean formation including a preexisting wellbore casing, comprising: 

a support member indudhg a first flidd passage; 

an expanston cone coupled to the support memt>er indudtng a second fluid 

passage fluidicly coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

2. The apparatus of dalm 1 , wherein the expansion cone is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe indudes a valveable fluid 
passage for controlling the flow of fluidic materials out of the expandable shoe. 



4. The apparatus of daim 1, wherein the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer circumference of the expandable portion Is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more Inward folds. 

25 6. The apparatus of daim 4, wherein the expandat>le portion indudes: 
one or more corrugattons. 

7. The apparatus of daim 1 , wherein the expandatHe shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1, whsrebi the expandat>ie shoe indudes: 
one or more corrugations. 
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9. 



A shoe, compridng: 
an upper annular portion; 

an intermediate annular portion couplsd to tlie upper annular portion; and 
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a lower annular portion coupled to the intermediatB portion; 

wherein the Intermediate annular portion has an outer drcumferenoe that Is 

larger than the outer drcumferenoes of the upper and lower annular 

portions. 

5 

10; Theshoeof dainri 9, wherein the lower annular portion indudes a vaiveablefl^^^ 
passage for controlHng the flow of fliMIc niaterials out of ^ 

11. The shoe of daim 9, wherein the Intermediate portion hidudes: 
10 one or niore inward folds. 

12. The shoe of daim 9, wherein the Intermediate portion indudes: 
one or more oorrugations. 

15 13. A method of forming a wellt>ore casing in a subterranean formation having a 
preex»ting weiilx>re casing positioned in a borehcrie, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluldic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

The method of daim 13, further comprising: 
radially expanding the expansion cone. 

The method of daim 1 3, further comprising: 

Idwerlng the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 
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14. 
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15. 



30 16. The nwthod of daim 1 5, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 



35 17. 



The method of daim 13, further comprising: 
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injecting a hardenable fluidic sealing material into an annuiiis between the 
tubular llrter and the borehole. 

18. The method of daim 13, further oon«>ri8ing: 

5 radially expanding at least a portion of the preexisting weBbore casing. 

19. The method of daim 18. further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 19, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

15 21 . The method of daim 1 8, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13. wherein the inside diameter of the radially expanded 
shoe is greater than or substantiaily equal to the Inside dtameter of the radially 

20 expanded tubular liner. 

23. An apparatus for forrrring a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe In the 
25 borehole; 

means for radially expanding at least a portfon of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expansion cone. 

30 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 
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25. 



The apparatus of daim 23, further comprising: 

means for lowering the expansion cone into the radially expanded portion of ttie 
shoe: and 



33 



10 



means for radially expanding the expansion cone. 

26. The apparatus of daim 25. further comprising: 
means for Injecting a fluidic material Into the tx)rehole t>eiow the radially 

expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 
means for Injecting a hardenable fluldHc sealing material Into an annulus 

t>etween the tubular Bner and the borehole. 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 

15 29. The apparatus of daim 28, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellt>orB casing. 

30. The apparatus of daim 29, wherein the Inside diameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting wellbore casing. 

31 . The apparatus of cterim 28, further comprising: 
means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23, wherein the inside diameter of the rsdialiy expanded 
shoe is greater than or substantially equal to the hside diameter of the radially 
expanded tubular liner. 

30 33. An apparatus for fbrmirq a wellbore casing within a subterranean formation 
induding a preexisting wellbore casing positioned in a borehole, comprising: 
a tubular liner; and 

means for radially expanding and coupling the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 
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wherein the inside diameter oS the radialiy e)4>anded tubular Dner is 

8ut)stantially equal to the inside diameter of a non-overtapping pcytion of 
the preexisting wellbore casing. 

5 34. A welit)ore casing positioned in a borehole within a subterranean fbmiation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to arid overiapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first weHbore casing by 

the process of: 

Installing the second wellbore ca^ng, an expansion cone, and a shoe in 
the borehole; 

rBd»lly expanding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wetlbore casing by 
injecting a fluidic material into the borehole below the expansion 
cone. 

20 35. The wellbore casing of daim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of daim 34. wherein the process further comprises: 
lowering the expenston cone into the radialiy expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. TheweBborecttingof daim 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borshoie below the radially 
30 expanded expansion cone. 

38. The wellbore casing of daim 34. wherein the process further comprises: 
injecting a hardenabie fluidic sealing material into an annulim between the 

second wellbore casing and the tx>rehole. 

35 

39. The wellbore ca^g of daim 34, wherein the process further comprises: 
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radially expanding at least a portion of the first welll)ore casing. 

40. Ttie weNI>ore casing of daim 39, wherein the process further comprises: 

overiapping a portion of the radially expanded second weilbore casfng with a 
portion of the first wellt>ore casing. 

41 . The wellbore casing of daim 40. wherein the inside diameter of the radially 
expanded second weiitx)re casing is sul>stantialiy equal to the inside dtametar of a 
nonoverlapping portion of .the first wellbore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of ddim 34. wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A method of fonming a tubular structure in a subtenanean fbnnation having a 
preexieting tubular member positioned in a borehole, comprising: 

installing a tubular Dner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by irijecting a fiuidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fiuidic 
material into the borehole betow the expansion cone. 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprising: 

lowering the expansion pone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of daim 46, further compnsing: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fiuidic material into the borehole below the radially expanded 
expansion cone. 
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48. The method of daim 44, further comprising: 

injecting a hardenat>le fluldic seaiing material into an annuius t^ehween the 
tubular iiner and the lx>r6hole. 

5 

49. The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tubular member. 

50. The method of daim 49, further comprising: 

10 overiapping a portion of the radialty expanded tubular liner with a portion of the 

preexisting tubular nmmber to provide a load bearing interfece and a 
fluidic seal. 

51 . The method of daim 50, wherdn the inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the Inside diameter of a nonovertapping portion of 
the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axtal force to the expansion cone. 
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53. The method of daim 44, whereh the in^e diameter of the radially expanded 
shoe is greater ttiah or substantially equal to the inside diameter of the radiaDy 
expanded tubular liner. 



25 54. An apparatus for fomiing a tubular structure in a subterranean fbmoation having a 
preexisting tubular member positioned in a borehote, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 

means fw radially expanding the expanston cone. 



35 56. The apparatos of daim 54, further comprising: 
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means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

nfieans for radially expanding the expansion cone. 

The apparatus of claim 56, further comprishg: 
means for injecting a fiuidic material into the ixmhole below the radially 
expanded expansion cone. 

The apparatus of claim 54, further comprising: 
means for injecting a hardenable fluidic sealing material Into an annulus 
between the tubular Hner and the borehole. 

The apparatus of claim 54, further comprising: 
means for radially expanding at least a portion of the preexisting tubular 
member. 

60. The apparatus of daim 59, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular nrteml)er to provide a load bearing 
20 interiace and a fluidic seal. 

61 . The apparatus of dabn 60, wherein the Inside diameter of the radially mpanded 
tutHilar liner is substantially equal to the inside diameter of a nonovertapping portion of 
ttie preexisting tubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expanston oone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe is greater ttian or substentially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for fomning a tubular stnicture within a subterranean formation 
Including a preexisting tubular memlser posittoned in a borehote, comprising: 

35 a tubular liner; and 



5 57. 
58. 

10 

59. 
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means for radially expanding and coupling the tubular liner to an overtopping 

portion of the preexisting tubular member, 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter oT a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned In a borehole within a subtenranean fbmriation, 
comprising: 

a first tubular memben asnd 

a second tubular member coupled to and overtapping with the first tubular 
memben 

v4ierein the second tubular member is coupled to the first tubular member by 
the process of. 

Installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by irijecling a fluidic 

materiaiinto the shoe; and 
radially expanding at least a portion of the second tubular member by 

Injecting a fluidic material into the borehole below the expansion 

cone. 

66. The tubular structure of dabn 65, wherein the process further comprises: 

radially expanding the expansion cone. 

67. The tubular structure of daim 65, wherein the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 



The tubular structure of daim 65. wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of daim 65, wherein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

5 71. The tubular stmdure of daim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tut)ular structure of daim 71 , wherein the inside diameter of the radially 

1 0 expanded second tubular member is substantially equal to the inside diameter of a 
nonoveriapping portion of the first tubular member. 

73. The tubular structure (rf daim 70, wherein the process further comprises: 

applying an axial fbroe to the exparaion cone. 

15 

74. The tubular structure of daim 65, wherein the inside diameter of the radially 
expanded shoe is greater than or subslantiaiiy equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for fomiing a wellbora casing in a borehole located in a 
subterranean formation induding a preexisting welibore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expansion cone coiq)led to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage;' 
25 an expandable tubular Bner movaUy coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a vaiveable fiuid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a remaining portion coupled to the expandable portion; 

wherein the outer drcumferenoe of the ^cpandable portion is greater 
than the outer droumferenoe of ttie remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion induding 

one or more Inward fokte; and 
a lower annular portion coupled to the intemiediate portion including a 

valveable fluid passage for oonlroliing the flow of fluidic materials out of 
5 the shoe; 

wherein the intenmediate annular portion has an outer drcumferenoe that is 

larger than the outer drcumfeienoes of the upper and lower annular 

portions. 

10 77. A method cS fbnning a wellbore casing In a subterranean fbmiation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

instaliir^g a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

15 towering the expansion cone into the radially expanded portion of the shoe; 

radially exparKling the expansion oone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borshole below the expansion cone; and 

overtapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting weibore casing; 

wherein the inside diameter of the racfialiy expanded ehoe ie greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular liner, and 

wherein the inside diameter of the radially exparKled tubular liner is 
25 substantially equal to or greater than the inside diameter of a nonovertapping 

portton of the preexisting wellbore casing. 

76. An apparatus for fomiing a wellbore casing In a subterranean fonnation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular liner, an expansion cone, and a ehoe in the 

borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
means for lowering the expansion oone into the radiaily expanded portion of the 
35 shoe; 

means for radially expanding the expansion oone; 
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means for racfially expanding at least a portion of the tut)uiar iiner by injecting a 
fluidic nnaterial into the borehole below the radtally expanded expansion 
cone; 

means for radially expanding at least a portion of the preexisting wellbore 
casing; and 

means for overlapping a portion of the radiaOy expanded tubular liner wHh a 

portton of the preexisting weiltx>re casing; 
wherein the inside diameter of the radidlty expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

79. A weiltXMB casing positioned In a txxrehole within a subterranean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first weilbore 
casing; 

wherein the second weDbore casing is coupled to the first wellbore casing by 
the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone into ttie radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellt>orB casing by 
injecting a fluidic nnaterial into the borehole below the radiaily 
expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially eqral to the inside diameter of the radially 
expanded second wellbore casing; and 

wherein the Inside dianrreter of the radially expanded second wellbore 
casing is substantially equal to the Inside diameter of a 
nonoverlapping portion of the first welibore casing. 

80. A method of fonming a tubular structure in a subterranean fonmation having a 
preexisting tubular number, positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe In the borehole; 
radially expanding at least a portion of ttie shoe by injecting a fluidic material 
Into the shoe; 

lowerfng ttie expansion cone into the radially expanded portion of the shoe; 
radiaiiy expanding the expansbn cone; 

radially expanding at least a portion of Uie tubular liner by iriiecting a fluidic 
material into the borehole below fl^ radially expanded expansion cone; 
and 

overlapping a portion of the radially expanded tubular liner wtth a portton of ttie 
praexisting tubular nnember to provide a load bearing interface and a 
fluidic sea^ 

wherein the inside diameter of ttie radiaiiy expanded shoe is greater ttian or 

substantially equal to the Inside diameter of the radially expanded 

tubular linen and 
wherein the Inside diameter of ttie radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

81 . An apparatus for fonming a tubular structure in a subterranean fonmation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means foir radially expanding at least a portion of ttie shoe; 
msans for towering Hie expansion cone into ttie radially expanded portion of the 
shoe: 

means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular linen and 
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means for overlapiwig a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular member to provide a load bearing 

interfaoe and a fiuldtc seal; 
wherein the hside diameter of the radially expanded shoe is greater than or 

substaritiaRy equal to the inside diameter of the radialiy exparided 

tubular linen and 
wherein the inside diameter of the radially expanded tubular finer is 

substantially equal to the inside diameter of a nonoverlapplng portion of 

the preexisting tubular member. 

82. A tubular structure positioned in a borehole within a subterranean fbmiation, 
oomprl8ir)g: 

a first tubular member; and 

a second tebular rnember coupled te and overlapping with the first tubul^^ 
member; 

wherein the second tubular nriember is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe In 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

nratariai into the shoe; 
lowering the expansion cone into the radialiy expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second tubutor member by 

injecting a fluidic material into the borehole below the radteiiy 

expanded expansion cone; and 
overiapping a portion of the radially expanded second tubutar member 

with a portton of the first tubular member; 
wherein the Inside dianr^er of the radially expanded shoe is greater 

than or substentiaHy equal to the inside diameter of the radially 

expanded second tubular member, and 
wherein the inside diameter of the radially expanded second tubular 

member is sut>stantialty equal to the inside diameter of a 

nonoverlapplng portion of the first tubular member. 
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